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Gibberellin, the generic name of several closely related chemical 
substances, of which gibberellic acid is best known, is known to exert 
profound effects on plant growth and development. As a result the 
gibberellins fall into that group of organic compounds that are known as 
plant regulators. According to Stowe and Yamaki (1957), Kurosawa in 
1926 discovered that filtrates from cultures of the fungus Gibberella 
fujikuroi produced symptoms typical of those exhibited by rice plants 
infected with the fungus. The disease was known as "Bakanae" or "foolish 
seedling disease" of rice, so named because infected plants grow unusually 
tall and then die. The discovery that filtrates from cultures of the 
fungus would produce disease symptoms in uninfected plants suggested that 
the active principle inciting the disease was a substance elaborated by 
the fungus during growth. Kurosawa is reported to have attempted to 
isolate the active principle but was unsuccessful. In 1938, according to 
Stowe and Yamaki (1957), Hayashi and Yabuta isolated gibberellin and 
reported its discovery. 
In recent years these compounds have attracted the attention of 
plant physiologists in many countries. Not until 1955 did active research 
begin with these substances on economic crops. Since then a number of 
histological, physiological and agricultural studies on the effect of 
gibberellins on plants have been conducted (Stowe and Yamaki, 1957). 
The first observed effect induced by gibberellins on plants, and 
the effect that has been most widely studied, is stem elongation. More 
recently, however, it has been found that the gibberellins also have 
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more profound morphogenetic effects. For example, Lang (1956) has re¬ 
ported that flower formation may be induced by gibberellins, in cold 
requiring plants, under temperature and light conditions that usually 
prevent flowering. 
Gibberellic acid has been shown to stimulate stem and leaf 
elongation in a number of plants (Whaley and Kaphart, 1957). The specific 
genetic constitution of a strain or variety appears to determine whether 
or not it will respond to applied gibberellic acid by increased shoot 
growth. So far, the most notable responses have been observed in dwarf 
types (Whaley and Kephart, 1957). These studies have mainly involved 
applying gibberellic acid directly to developing vegetative parts of 
plants. 
Interest has developed on the effect gibberellins have on seed 
germination. In some cases it has been reported that gibberellins 
increased seed germination. Little work has been done along this line 
with seeds of cotton (Gossypium hirsutum). With cotton being a fairly 
important agronomic crop in this region, it appears as if information 
relative to any probable effects gibberellins might have on cotton 
seed germination and seedling development would be of value. As a result 
this investigation was planned to determine what effects different concen¬ 
trations of gibberellic acid might have on cotton seed germination and 
seedling development when cultured under greenhouse conditions. Specifi¬ 
cally, an attempt has been made to study observable effects that gibberel¬ 
lins have on germination percentage, germination acceleration, and primary 
root development in seedlings. 
CHAPTER II 
REVIST OF LITERATURE 
Gibberellins are now known to significantly accelerate seed germi¬ 
nation in some plant species (Kahn, 1957). In the case of lettuce seed, 
the action appears to be associated with the breaking of dormancy. It is 
known that some varieties of lettuce seed will germinate only after ex¬ 
posure to light. It has been found, however, that gibberellin treatment 
of these seeds will induce germination in the dark (Kahn, 1957). The 
mechanism involved in this induction of lettuce seed germination in the 
absence of light is not understood. It has been suggested that it may 
be different from the dormancy-breaking effect of light itself (Audus, 
1963). Reported species in which germination has been accelerated by 
pre-soaking the seed in gibberellic acid solutions, ranging from 10-250 
ppm before sawing, are maize (Zea mays), cotton (Gossypium hirsutum), 
okra(Hibiscus asculentus), lucerne (Medicago sativa), and oats (Avena 
sativa). These studies, according to Audus, have been reported in the 
recent Progress Report of Merck and Company. 
Audus (1963) reported that the main practical advantage of this 
accelerated germination is that treated seeds and young seedlings will 
pass through those developmental stages when they are most susceptible 
to attack by pathogenic organisms and thus the risk of fatal crippling 
infection will be reduced. As a result of this consideration some inter¬ 
est has developed in a study of the degree of seed germination acceler¬ 
ation that might be induced when seeds are pretreated with gibberellins. 
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Dransfield (1961) reported that when cotton seeds were soaked in 
gibberellic acid solutions and planted in the greenhouse, increases were 
recorded in the lengths of the hypocotyl and the leaf. In addition root 
development was found to be reduced. Dransfield also found that when 
gibberellic acid was sprayed on seedlings under field conditions, similar 
responses in leaf and hypocotyl growth were produced. Additional responses 
involving increases in the length of the lower internodes and acceler¬ 
ation of flower initiation were reported. 
As indicated previously, the best known and earliest recognized 
effect of the gibberellins on plant development was that of increased 
elongation of leaves and stems in many of the higher plants. The studies 
of Phinney (1956) have shown that gibberellic acid markedly stimulates 
stem and leaf elongation in a number of plants. The specific genetic 
constitution of a strain or variety appears to determine whether or not 
it will respond to applied gibberellic acid by increased shoot growth. 
So far, the most notable responses have been observed in dwarf types. 
Phinney also reported that applications of gibberellic acid to five single 
dwarf mutants in maize so enhanced growth that the treated plants were 
almost indistinguishable from plants carrying normal alleles of the mutant 
genes. One other dwarf mutant made only a slight response, and another 
made no response. Such differential responses of shoot growth have also 
been reported in varieties of Pisum and Viola containing dwarfism alleles 
(Brian and Hemming, 1955)» 
Grover (1962) studied the effects of gibberellic acid on germina¬ 
tion capacity, germination rate, hypocotyl and root growth of seed and 
seedlings of elm, Scotch pine, Colorado and white spruce. He reported 
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that concentrations of gibberellic acid ranging from 50-500 ppm enhanced 
germination capacity of Colorado spruce and elm. Germination rate in 
Colorado spruce and Scotch pine was found to have been significantly 
increased. 
Studies made by Skinner, Shive and Tolbert (1958) indicated that 
gibberellic acid increases the rate of lettuce seed germination at about 
the same extent as do purine derivatives. In certain cases, these com¬ 
pounds appear to overcome the light requirements for germination that 
has been shown to be necessary for certain varieties of seeds. They re¬ 
ported that a combination of gibberellin and purine derivatives, when 
applied together, increased the stimulation rate of lettuce seed germi¬ 
nation. They interpreted these findings as providing an indication that 
gibberellin and 6-substituted purines are closely related in their bio¬ 
chemical functions. 
The question as to whether treatments by gibberellic acid and purine 
derivatives induce initiation of cell elongation of cell division, or 
both, has been studied by Haber and Luippold (i960). The normal develop¬ 
ment of the plant from the embryo involves both processes, but it is the 
physiology of their initiation which may be the crucial point in germi¬ 
nation. There is a question as to whether these processes are inter¬ 
connected or independent in their initiation. 
Haber and Luippold (I960) indicated that both gibberellic acid and 
purine derivatives were able to cause cell division to either precede or 
follow cell elongation during germination. They suggested that initiation 
of each of these processes during germination is controlled by a separate 
mechanism. They indicated that cellular expansion is necessary, for the 
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initiation of lettuce seed germination. Haber and Luippold (I960) 
indicated that a similar mechanism prevails in kinetin action, although 
kinetin can also accelerate cell division. 
Despite the enhancement in size of the above ground parts of many- 
higher plants, much work on gibberellins indicates that they are ineffec¬ 
tive or inhibitory with respect to the growth of most root systems, 
(Stowe and Yamaki, 195?)• Quantitative tests of roots have in general 
failed to show any enhancement of root growth, and inhibition is only 
found at high concentrations (Kato, 1958)» However, growth of roots of 
some genotypes of maize is reported to have been stimulated by 
gibberellic acid (Whaley and Kephart, 1957). 
The greater percentage of studies thus far made suggests a general 
lack of stimulatory response on the part of seedling root systems to 
gibberellins applications* On the other hand the results of a few 
investigations have provided evidence of apparent stimulation. 
CHAPTER III 
MATERIALS AND METHODS 
The seeds of Gossypium hirsutum used in these studies represented 
three varieties, namely, Carolina queen, empire wilt resistance and coker 
100. These seeds were kindly provided by the University of Georgia Experi¬ 
ment Station, Athens, Georgia, the United States Department of Agriculture, 
Experiment Station, Georgia, and the J. B. Broome Company, Athens, Georgia. 
Seeds used in these studies were from the 1963 crop. They were obtained 
for this investigation in March, 19 6U. 
The gibberellic acid used in these experiments was of a commercial 
type. It was obtained from Merck and Company, Rahway, New Jersey. 
Gibberellic acid solutions were prepared by weighing out quantities needed 
for each desired concentration on a Mettler H15 analytical balance. After 
weighing, each quantity was added to 25>0 ml of distilled water. For in¬ 
stance, the 20 ppm gibberellic acid solution was prepared by weighing 
out 5 milligrams of gibberellic acid and dissolving it in 2£0 ml of 
distilled water. All higher solution concentrations were prepared in 
a similar manner, that is, by weighing out the milligrams of gibberellic 
acid necessary to provide each desired ppm concentration in a total 
volume of 2£0 ml. Additional solution concentrations prepared were 60 ppm, 
II4.O ppm, 200 ppm, 280 ppm and 360 ppm. 
All glassware used in this study was either of Pyrex or Kimax brand. 
After the glassware had been soaked in alconox detergent for approximate¬ 
ly 2I4 hours, it was washed in hot tap water, and finally rinsed in 




Beginning on March 10, 196k, preliminary experiments were conducted 
in the greenhouse. These experiments were conducted in order to obtain 
general information on the effect different concentrations of gibberellic 
acid solutions would have on seed germination and root elongation. These 
trial experiments were conducted until an observable effect on seed 
germination along with root development could be determined. 
The initial experimental series conducted under greenhouse conditions 
were begun on April 1, 1961|. Approximately 11*0 seeds from each variety 
were soaked in distilled water for twelve hours in 125 ml Erlenmeyer 
flasks. These seeds were placed in an incubator in complete darkness at 
a temperature of 26*1C. Following this treatment excess water was 
removed and 20 seeds from each variety were placed in standard 25 mm 
test tubes. Fifty milliliters of each test solution of gibberellic acid 
were then poured over the seeds in the test tubes. Simultaneously, a 
control series was prepared by placing 20 seeds, representing each var¬ 
iety, in test tubes and adding 50 ml of distilled water. The test tubes 
were then capped with cotton plugs and incubated for a period of 
twelve hours. After the treatment period the seeds were placed in 125 
ml Erlenmeyer flasks preparatory to germination studies under green¬ 
house conditions. 
For the germination studies the treated seeds and the controls 
were planted in rows \ in deep in plastic trays, 8|xl2x2| in size, 
containing 3 parts lawn soil and 1 part peat moss. Labels carrying the 
seed variety, gibberellic acid concentration, and date of planting were 
provided for each tray. The soil was watered daily using a fine spray. 
9 
After a period of four days the plants were talc en out of the trays by 
removing each seedling including the soil around it. Excess soil was 
removed by rinsing in tap water. Each experiment was repeated at least 
6 times. Approximately 81;0 seeds were used in the entire experiment. 
Additional greenhouse experimentation was conducted. In these 
studies seeds were soaked in distilled water for twelve hours but were 
not pretreated with gibberellic acid solutions before planting. These 
seeds were placed in trays containing the soil mixture mentioned above, 
and 5>0 ml of a given solution was poured in separate rows. After four 
days they were removed from the soil and measurements were made on root 
length. 
Photographs were taken of seedlings at the end of the experimental 
series representing each variety. A Kodak Star Tech Camera was used for 
all photographs included in this report. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Seeds from three varieties of cotton, namely,.Carolina queen, 
coker 100, and empire wilt resistance, have been tested to determine 
the effect different concentrations of gibberellic acid solutions 
have on germination and primary root development* A minimum of 11*0 
seeds from each variety were involved in each experimental series. 
In all varieties tested an appreciable increase was found in the 
rate of germination as well as in primary root growth. These data 
are given in Table I. When these data on germination percentage 
increases are compared with those from other reported studies, it is 
found that gibberellic acid concentrations required for promotion of 
germination in cotton seed are somewhat higher than those indicated by 
Dransfield (1961) for lettuce seed. Pretreatment of seeds for twelve 
hours, representing the variety Carolina queen, in gibberellic acid 
solution ranging from 20-360 ppp, resulted in a marieed increase in germi¬ 
nation when compared with the controls. The average increase in germi¬ 
nation percentage of the treated seeds was 13*3% higher than those 
designated as controls. 
Data in Table I also show the typical types of responses in 
germination percent enhancement and root growth that occurred as a 
result of gibberellic acid treatment. A 20 ppm gibberellic acid solution 
treatment of seeds of the variety Carolina queen resulted in primary 
root lengths averaging 1 cm longer than those of the controls. Similar 




GERMINATION RESPONSES AND PRIMARY ROOT DEVELOPMENT OF THREE 
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Percent **Ave. Length 
Germination of Roots 
Carolina 
queen 00 ppm* 20 14 70 3.5 cm. 
20 ppm 20 16 80 4.5 cm. 
60 ppm 20 17 85 6 cm. 
140 ppm 20 18 85 11 cm. 
200 ppm 20 17 85 13 cm. 
280 ppm 20 16 80 14 cm. 
360 ppm 20 16 80 14 cm. 
Coker 
100 00* ppm 20 15 72 3 cm. 
20 ppm 20 17 85 4 cm. 
60 ppm 20 17 85 5 cm. 
140 ppm 20 18 85 9 cm. 
200 ppm 20 16 80 11 cm. 
280 ppm 20 17 85 12 cm. 
360 ppm 20 16 80 13 cm. 
* 00 ppm indicates that distilled water was used. 











** Ave. Length 
of Roots 
Empire wilt 
resistance 00 ppm* ** 20 14 70 3 cm. 
20 ppm 20 16 80 4 cm. 
60 ppm 20 17 85 5 cm. 
140 ppm 20 17 80 8, .5 cm. 
200 ppm 20 17 85 10 cm. 
280 ppm 20 16 80 11 cm. 
360 ppm 20 16 85 13 cm. 
* See page 11 
** See page 11 
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when treated with a 20 ppm gibberellic acid solution. As shown in 
Table 1, when gibberellic acid concentrations wëre increased there were 
proportional increases in average lengths of the primary root of seedlings 
of all three varieties. For example, treatment of seeds of varieties 
Carolina queen, coker 100 and empire wilt resistance, with 11*0 ppm of 
gibberellic acid resulted in average root lengths of 11, 9} and 8.5 cm, 
respectively. As a comparison, it may be noted that corresponding root 
lengths for these varieties at a lower concentration, 60 ppm, were 6 cm 
for Carolina queen, and 5 cm for the other two varieties. 
Treatment of empire wilt resistance seeds with the highest gibberel¬ 
lic acid concentration used resulted in root elongation that was 11 cm 
higher than the controls. In comparing variations induced by such concen¬ 
trations as 11*0 ppm and 200 ppm, it was found (Table 1) that respective 
root lengths in the variety Carolina queen averaged 11 and 13 cm. The 
root lengths of coker 100 seedlings at the same concentrations were 11 
and 12 cm, as compared to 10 and 11 cm for empire wilt resistance 
seedlings. At the highest concentration used, 360 ppm, root length 
averages were as follows: Ili cm for variety Carolina queen, 13 cm for 
variety coker 100, and 13 cm for variety empire wilt resistance. When 
these figures, representing maximum root lengths obtained, were compared 
with average root lengths obtained at the lowest concentration, the 
stimulatory effect of progressive increases in gibberellic acid concen¬ 
tration on early primary root growth is clearly evident. Indicative of 
this are the differences between average root length at 20 ppm and average 
root length at 360 ppm. In the variety Carolina queen, the difference 
is 10.5 cm. In the other two varieties the difference is 10 cm. 
A study of germination percentages of the treated seeds reveals 
that germination was 13.3$ higher than the controls (Table 1). Comparable 
results were obtained with the varieties coker 100 and empire wilt 
resistance for treated seeds of these varieties had an average germi¬ 
nation percentage of 83.3. These results are illustrated in Figure 1. 
This percentage represented an increase of 11.3?° over the controls. 
When germination percentages between these varieties were noted, the 
percentage was highest in Carolina queen. 
From the data presented in Table 1, it is evident that primary 
root growth followed an essentially consistent pattern when a compari¬ 
son is made between the average growth increases of hormone supplemented 
and hormone-deficient seedlings. The greatest increases occurred with 
the treated Carolina queen seedlings. Althou^i the greatest increases 
were found here, the results show that at the higher levels used, that 
is at 280 and 360 ppm, the extent of root elongation was about the same. 
From a study of these data it is evident that only higher gibberellic 
acid levels exert a profound effect on root elongation. 
Figure 2 shows the type of responses that were obtained when 
different concentrations of gibberellic acid solutions were used on the 
Carolina queen variety. In this variety, as well as in the others, the 
maximum increase in root length was obtained at 280 ppm. At 36O ppm the 
average length that developed was the same as it was at 280 ppm. Above 
280 ppm, therefore, the stimulatory effect of gibberellic acid concentra¬ 
tion on root elongation appeared to level off. It is doubtful that 
higher gibberellic acid concentrations would have brought about any 
further increase in root elongation. Higher levels, however, were not 
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Fig, 1, Effect of gibberellic acid treatment on root elongation of 
four day old seedlings from cotton variety Carolina queen. 
(Controls averaged 3*5 cm in length,) 
16 
Fig. 2. Effect of gibberellic acid treatment on root elongation 
of four day old seedlings from cotton variety Carolina 
queen, (a) control (b) seeds treated with GA concentration 
of 60 ppm. (c) seeds treated with GA concentration of 11*0 
ppm. (d) seeds treated with GA concentration of 360 ppm. 
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employed in this study. 
The lowest increases in root elongation were recorded in the 
variety empire wilt resistance (Table 1). At 20 ppm the average root 
length was 1* cm, and at 360 ppm the average root length was 13 cm. 
A comparison of these figures with those far Carolina queen revealed a 
difference of 3*5 and Hi cm at the lowest and highest concentrations. 
Figure 3 shows the type of responses that were obtained when 
different concentrations of gibberellic acid solutions were used on 
variety coker 100» The maximum increase in root elongation was obtained 
at 360 ppm. Figures k and 5 show the type of responses that were ob¬ 
tained when seeds of the coker 100 variety were treated with gibberellic 
acid solutions of li;0 and 360 ppm. The average root lengths at these 
concentrations were 9 and 13 cm, respectively. 
The results of the treatment of seeds from the empire wilt resist¬ 
ance variety are shown in Figures 6, 7> 8 and 9. The maximum increase 
in root length from the lowest to the highest concentration levels. This 
pattern is evident in the photographs. At 60 ppm root length was measured 
to 6 cm above the controls. 
For the variety Carolina queen the maximum average root length 
obtained at 20 ppm, was 3.5 cm. In the other varieties the average root 
length was 3 cm. At 360 ppm the maximum average root lengths obtained 
were 13 cm for varieties coker 100 and empire wilt resistance and lii cm 
for variety Carolina queen. 
Root length responses for variety empire wilt resistance is graphi¬ 
cally presented in Figure 10. A stucty of this figure reveals the close 
similarity in growth responses when compared with the other varieties. 
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Fig* 3. Effect of gibberellic acid treatment on root elongation of 
four day old seedlings from cotton variety coker 100. 
(Controls averaged 3 cm in length.) 
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Fig. U* Effect of gibberellic acid treatment on root elongation of 
four day old seedlings from cotton variety coker 100. 
(a) control (b) seeds treated with GA. concentration of lliO 
ppm. 
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Fig. Effect of gibberellic acid treatment on root elongation of 
four day old seedlings from cotton variety coker 100. 
(a) control (b) seeds treated -with GA concentration of 
360 ppm. 
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Fig. 6. Effect of gibberellic acid treatment on root elongation of 
four day old seedlings from cotton variety empire wilt 
resistance, (a) control (b) seeds treated with GA 
concentration of 60 ppm. 
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Fig. 7* Effect of gibberellic acid treatment on root elongation of 
four day old seedlings from cotton variety empire wilt 
resistance, (a) control (b) seeds treated with GA 
concentration of 360 ppm. 
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Fig. 8. Effect of gibberellic acid treatment on root elongation of 
four day old seedlings from cotton variety empire wilt 
resistance, (a) control (b) seeds treated with GA 
concentration of 20 ppm. (c) seeds treated with GA 
concentration of 11*0 ppm. (d) seeds treated with GA 
concentration of 280 ppm. 
Fig. 9• Effect of gibberellic acid treatment on root elongation of 
four day old seedlings from cotton variety empire wilt 
resistance, (a) control (b) seeds treated with GA 
concentration of 20 ppm. (c) seeds treated with GA 
concentration of 60 ppm. (d) seeds treated -with GA 
concentration of 11*0 ppm. 
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Although the general trends are similar it is also evident that the 
degree of stimulatory response varied somewhat between varieties. 
The results reported here are somewhat at variance with reports 
in the literature on the effect of gibberellic acid on root growth. Only 
a few reports have noted a stimulatory effect on roots. Most investi¬ 
gators have reported that gibberellic acid exerts an inhibitory effect 
on root growth (Stowe and Yamaki, 1957; Kato, 1958)» 
The results discussed above were based on greenhouse culture of 
presoaked seeds. As has been indicated before, another phase of the 
greenhouse tests involved determining the effect varying gibberellic 
acid concentrations had on seedling root development when applied directly 
to the soil at the time the seeds were planted. 
Soil treatment resulted in a stimulation of root development in all 
three varieties. Root growth was less at the lower gibberellic acid 
concentrations and greater at the higher concentrations. These results 
suggest that the potency of gibberellic acid is not diminished in soil 
and persists long enough for its effect to be impressed on the seedling. 
Evidence from these investigations suggests that gibberellic acid 
has a significant stimulatory effect on early root growth of cotton seed. 
It can also be concluded that gibberellic acid promotes root elongation. 
In light of these findings better crop yields might be promoted through 
gibberellic acid seed treatment because enhanced root growth of young 
seedlings might result in these plants passing more rapidly through those 
stages when they are vulnerable to unfavorable environmental conditions 
or prone to alteration by soil-borne pathogenic organisms. 
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Fig. 10. Effect of gibbereilic acid treatment on root elongation of 
four day old seedlings from cotton variety empire wilt 
resistance. (Controls averaged 3 cm in length.) 
CHAPTER VI 
SUMMARY 
An investigation was conducted to study the effects different 
concentrations of gibberellic acid solutions would have on seed germina¬ 
tion and subsequent primary root development of three varieties of cotton. 
The varieties of cotton seeds used in these studies were Carolina queen, 
coker 100, and empire wilt resistance. The concentrations of gibberellic 
acid used were 20, 60, 11*0, 200, 280 and 360 ppm. 
All seed varieties responded similarly to gibberellic acid treat¬ 
ment when compared with controls, for, all exhibited increases in the 
length of the primary root after four days of growth. 
The average lengths of the primary roots of the three varieties 
were as follows: Carolina queen had an average root length of H4. cm, 
empire wilt resistance 13 cm and coker 100 13 cm. These figures are 
all based on seed treatment with a gibberellic acid concentration of 
36O ppm. Average root lengths at 20 ppm, however, was greater than the 
controls. 
An analysis of the overall length of the roots and the percentage 
at which the seeds germinated indicated that increased amounts of 
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